Introduction {#sec1}
============

Psoriasis is a chronic inflammatory disease that affects many body systems. In the majority of cases, the lesions concern skin and joints \[[@cit0001]\]. In developed countries, the incidence of psoriasis is estimated at about 1--4% \[[@cit0002]\]. The most common form of psoriasis is plaque psoriasis, which is characterized by the presence of psoriatic plaques, most commonly found on the scalp and the upright part of the knees and elbows. A disease often associated with psoriasis is psoriatic arthritis. Psoriatic arthritis affects 5% to 42% of patients with psoriasis. Interestingly, it can overtake skin symptoms in up to 15% of patients \[[@cit0003]\]. It is worth noting that psoriasis is associated with the risk of coexisting diseases such as heart disease, including ischemic heart disease, metabolic syndrome, depression, diabetes, hypertension and inflammatory bowel diseases \[[@cit0004], [@cit0005]\].

Due to possible co-morbidities, decreased quality of life and sometimes also disability, this disease is still a challenge for modern medicine \[[@cit0006]\]. Studies show that patients with psoriasis are characterized by increased mortality compared to healthy people \[[@cit0007]\].

Research is continuing to explain the exact etiopathogenesis of the disease, and new drugs are being introduced all the time to better control the disease and increase the quality of life of those struggling with psoriasis.

In March 2018, the monoclonal antibody tildrakizumab was approved by the FDA for use in adult patients with moderate to severe plaque psoriasis \[[@cit0008]\]. The aim of this work is to collect up-to-date information on tildrakizumab and present the latest clinical trials conducted with tildrakizumab.

The mechanism of action of tildrakizumab {#sec2}
========================================

Tildrakizumab is a humanized monoclonal IgG1ҡ antibody. This antibody selectively binds to the p19 subunit, thereby inhibiting the interaction of IL-23 with its receptor, and thus inhibits the release of IL-23 mediated proinflammatory cytokines \[[@cit0009]\]. Recent studies show that the IL-23/IL-17 axis plays a key role in the etiopathogenesis of psoriasis \[[@cit0010]\]. IL-23 is involved in stimulation, and what is more, it also affects the functioning of Th-17 lymphocytes, which play an important role in the pathogenesis of psoriasis \[[@cit0011]\].

The development of the autoimmune response and inflammatory response is associated with IL-23. As results from the conducted research, the lack of IL-23 is associated with the arrest of Th17 cell development at the early stage of activation, and thus with a decrease in the level of proinflammatory IL-17 produced by stimulated Th17 lymphocytes. The lack of IL-23 is also associated with a smaller pool of Th17 lymphocytes located in the lymph nodes \[[@cit0012]\].

Interleukin 23 is a heterodimeric cytokine consisting of the p19 and p40 subunits \[[@cit0013]\]. The IL-23 p40 subunit is shared with IL-12. The p40 subunit is the target of another biological drug for psoriasis -- ustekinumab. Recent clinical trials suggest that a drug targeting exclusively IL-23 and the p19 subunit may result in a more favorable safety profile compared to targeting both IL-23 and IL-12 \[[@cit0014]\]. Interleukin 12, as shown by studies, may be of beneficial importance for the organism and participate in the protection of the organism against the action of intracellular pathogens, and what is more, it also probably participates in immune surveillance in the development of cancer \[[@cit0015]\].

It is also worth noting that inhibition of the p40 subunit is also associated with the inhibition of IL-39, which is still a poorly studied factor, and it is not known whether it performs beneficial functions in the human body \[[@cit0016]\].

The above information suggests that selective inhibition of p19 subunit activity is safer, among other things due to still insufficient knowledge about the functioning of immunological pathways and the functions of specific interleukins in the human body.

Clinical trials with tildrakizumab in the treatment of plaque psoriasis {#sec3}
=======================================================================

Kopp et al. \[[@cit0017]\] carried out a three-part, multi-dose, randomized and placebo-controlled clinical trial aimed at determining the safety, tolerability and pharmacokinetics of tildrakizumab, when administered intravenously to patients with moderate to severe plaque psoriasis. The second target of this clinical trial was to evaluate the effectiveness of tildrakizumab in treating this disease.

77 people participated in the study, aged from 22 to 65 years. The first part of this clinical trial was to administer the antibody to patients at certain doses: 0.1 mg/kg body weight (*n* = 3), 0.5 mg/kg (*n* = 3), 3 mg/kg (*n* = 6) or 10 mg/kg (*n* = 6) tildrakizumab or placebo (*n* = 6) successively at 0, 8 and 12 weeks. Patients were observed for 196 days after the first dose. The second part of the study, which aimed to determine the efficacy of tildrakizumab, consisted of administering higher doses of antibodies to patients -- respectively, 40 subjects received 3 mg/kg (*n* = 15) or 10 mg/kg (*n* = 14) tildrakizumab or a placebo (*n* = 11); medicines were given at 0, 4 and 8 weeks. The third part of this clinical trial evaluated the efficacy of lower doses of intravenous tildrakizumab. Twelve patients were randomly divided into three groups, at a ratio of 2 : 1 : 1. The following doses were given: 0.05 mg kg tildrakizumab (*n* = 6), 0.1 kg/mg tildrakizumab (*n* = 3) or placebo (*n* = 3) at weekdays 0, 8 and 12. The primary endpoint of this study was the percentage change in Psoriasis Area and Severity Index (PASI) relative to baseline after 4 or 8 weeks of treatment.

Regarding the results of this clinical trial, the efficacy was unquestionably dependent on the dose of the antibody administered. All patients receiving tildrakizumab in a dose of 3 or 10 mg/kg achieved a PASI 75 (until 196 day of the study), and many of them had a PASI 90 score; moreover, they maintained at least PASI 50 at week 44 of the study (day 308, 36 weeks after the last dose). Regarding the safety profile, tildrakizumab administered intravenously was generally well tolerated in all doses evaluated. In the second part of this study, 10 of 15 patients in the 3 mg/kg group and 13 of 14 patients receiving 10 mg/kg achieved PASI 75 until day 112 of the study. The maximum assessed dose was 10 mg/kg. The most common side effects are: headache (tildrakizumab group: 11/57, placebo group: 3/20), upper respiratory tract infection (11/57 and 3/20 respectively), nasopharyngitis (10/57 and 2/20 respectively), and cough (9/57 and 3/20) \[[@cit0017]\].

This study showed that tildrakizumab provides a significant clinical improvement in patients with moderate to severe psoriasis, as demonstrated by improved PASI scores as well as skin histological samples that were also evaluated in this study.

Papp et al. \[[@cit0018]\] conducted a randomized, doubleblind, placebo-controlled clinical trial consisting of subcutaneous administration of tildrakizumab to adult patients with moderate to severe plaque psoriasis. The study was conducted in 64 centers in the United States, Canada, Europe and Japan. The study was completed by 266 patients who were subjects with moderate or severe plaque psoriasis (PASI ≥ 12, BSA ≥ 10, moderate, severe or severe Physician's Global Assessment -- PGA), who had been suffering for at least 6 months. Patients were randomly assigned to receive subcutaneous tildrakizumab at doses of 5 mg, 25 mg, 100 mg, 200 mg or placebo. The intervention took place on week 0 and 4, then every 12 weeks until week 52. Patients were followed for 72 weeks. The primary endpoint was to achieve the PASI 75 result at week 16 of the study.

At week 16 of the study, PASI 75 was obtained in 33%, 64%, 66% and 74% of patients at a dose of 5 mg (*n* = 42), 25 mg (*n* = 90), 100 mg (*n* = 89), and 200 mg (*n* = 86) of tildrakizumab compared to 4.4% achieved with placebo. The result of PASI 75 was maintained at week 52 in 97% of patients who continued the 100 mg dose (*n* = 30/31) or 200 mg (*n* = 29/32). From the above clinical trial, it appears that tildrakizumab achieved better treatment efficacy than placebo, which was maintained for 52 weeks of treatment and for 20 weeks after discontinuation of antibody therapy. Tildrakizumab was a safe and well-tolerated drug \[[@cit0018]\].

What results from the clinical trials reSURFACE 1 and reSURFACE 2? {#sec4}
==================================================================

Reich et al. \[[@cit0019]\] carried out two parallel, three-part clinical trials. These were double-blind, randomized and placebo-controlled studies. The aim of this study was to determine whether tildrakizumab is better than placebo and etanercept in the treatment of chronic plaque psoriasis. The first study, called reSURFACE 1, was conducted at 118 locations in Australia, Canada, Japan, the United Kingdom and the United States, and lasted from December 10, 2012 to October 28, 2015. A parallel reSURFACE 2 study was carried out in 132 places in Europe, Israel and the USA and lasted from February 12, 2013 to September 28, 2015.

The study involved patients over 18 years of age who suffered from moderate to severe plaque psoriasis. They fulfilled the following conditions for assessing the severity of psoriasis: body surface area involvement ≥ 10%, PGA score ≥ 3, and PASI score ≥ 12. Patients were divided into two groups.

In the reSURFACE 1 study, 308 patients received tildrakizumab at a dose of 200 mg, 309 patients received this drug at a dose of 100 mg, and another subgroup consisted of 155 patients who received a placebo. In total, 772 patients participated in the reSURFACE 1 study. As can be seen from the above information, patients were divided in a 2 : 2 : 1 ratio. In a parallel reSURFACE 2 study, 314 patients received tildrakizumab 200 mg, 307 patients received tildrakizumab 100 mg, 156 patients received placebo, and 313 etanercept. As can be seen from the above data, patients were divided in a 2 : 2 : 1 : 2 ratio. A total of 1,090 patients participated in the reSURFACE 2 study. It is worth noting that randomization was conducted in terms of body weight (≤ 90 kg or \> 90 kg) and previous exposure to biological treatment. Tildrakizumab was administered subcutaneously to patients in week 0 and 4 during the first part of the study and the 16th week of the study during the second part of the study. The primary endpoints were the proportions of patients achieving a PASI 75 and PGA response (score 0 or 1 with a reduction ≥ 2 degrees from baseline) at week 12 of the study.

Regarding the reSURFACE 1 study, the following results were obtained. At week 12 of the study, 192 patients (which was 62%) in the tildrakizumab 200 mg group and 197 patients (64%) in the 100 mg tildrakizumab group achieved a PASI 75 score, compared to 9 patients (which was 6%) in the placebo group. Regarding the second primary endpoint, 82 patients (59% respectively) in the tildrakizumab 200 mg group and 179 patients (representing 58%) in the 100 mg tildrakizumab group achieved the desired PGA response, compared to 11 patients (which was 7%) in the placebo group. The parallel study, reSURFACE 2, brought the following results. At week 12 of this study, 206 patients (66%) in the tildrakizumab 200 mg group and 188 patients (corresponding to 61%) in the 100 mg tildrakizumab group achieved the primary endpoint of PASI 75, compared to 9 patients (6%) in the placebo group and 151 patients (48%) in the etanercept group. Regarding the second primary endpoint, 186 patients (59%) in the tildrakizumab 200 mg group and 168 patients (59%) in the 100 mg tildrakizumab group achieved a PGA response, compared to 7 patients (4%) in the placebo group and 149 patients (which accounted for 48%) in the group receiving etanercept. The above study showed that tildrakizumab 200 mg and 100 mg were effective compared to placebo and etanercept in the treatment of patients with moderate to severe chronic psoriasis. What is more, tildrakizumab was well tolerated by patients. The most common (≥ 1%) side effects associated with the use of tildrakizumab included upper respiratory tract infections, injection site reactions and diarrhea. Adverse reactions that occurred with frequency less than 1% but greater than 0.1% were dizziness and pain in the limbs \[[@cit0019]\].

The safety of tildrakizumab in healthy subjects {#sec5}
===============================================

An interesting study on tildrakizumab was carried out by Khalilieh et al. \[[@cit0020]\]. The aim of this study was to evaluate the safety of tildrakizumab in healthy subjects. Tildrakizumab was administered subcutaneously and intravenously. The first part of the study (*n* = 29) consisted of intravenous administration of tildrakizumab or a placebo. Tildrakizumab and placebo were administered in the following doses and proportions -- 0.1 mg/kg (*n* = 4); 0.5 mg/kg (*n* = 4); 3 mg/kg (*n* = 8); 10 mg/kg (*n* = 6); placebo (*n* = 7). The study was completed by 22 patients. Discontinuation of the study was related to the withdrawal of consent and in one case to becoming pregnant. The second part of the study consisted of administering tildrakizumab subcutaneously to healthy subjects (*n* = 37). The first subgroup of this study (*n* = 18) received 50 mg of tildrakizumab subcutaneously (*n* = 14) and placebo (*n* = 4). The second subgroup received subcutaneously 200 mg of tildrakizumab (*n* = 14) and placebo (*n* = 5).

Regarding the results of this study, among subjects in the intravenous group, 83% of respondents reported at least one adverse event in the course of the study. It was respectively 2 people (50%) in the group of 0.1 mg/kg, 4 people (100%) in the 0.5 mg/kg group, 7 people (88%) in the 3 mg/kg group, 6 people (100%) in the 10 mg/kg group and 5 people (71%) in the placebo group. The most frequent adverse events were upper respiratory tract infections (*n* = 11), headache (*n* = 8), hematomas at the puncture site (*n* = 4), lethargy (*n* = 3), pharyngitis (*n* = 3), dysmenorrhea (*n* = 2), nasopharyngitis (*n* = 2), nausea (*n* = 2), rhinitis (*n* = 2) and seasonal allergy (*n* = 2). A serious adverse event occurred in one patient who received a placebo, i.e. upper airway obstruction and rhinitis surgery, and in 1 patient receiving tildrakizumab 10 mg/kg -- he was hospitalized due to fever caused by chikungunya virus infection.

None of the serious adverse events were combined with the treatment. The most frequent adverse events associated with tildrakizumab were headache (*n* = 3) and upper respiratory tract infection (*n* = 2). There was no increase in the frequency of adverse effects due to the higher dose administered. In the subcutaneous treatment group, 24 subjects (65%) reported at least one adverse event during the study: 9 subjects (64%) in the 50 mg maintenance group, 8 (57%) in the group receiving 200 mg and 7 (78%) patients in the placebo group. The most common events observed in all treatment groups, including the placebo group, were upper respiratory tract infections (*n* = 12) and headache (*n* = 10). No serious adverse events were observed. Other observed adverse events include acne (*n* = 2), gastroenteritis (*n* = 2), erythema at the injection site (*n* = 2), insomnia (*n* = 2), migraine (*n* = 2), allergic rhinitis (*n* = 2) and rash (*n* = 2). Two patients receiving a 50 mg dose reported three serious adverse events -- headache, hypersensitivity to co-administered medicines and viral gastroenteritis -- which were considered unrelated to treatment, and one patient in the placebo group reported a serious adverse event, i.e. migraine, which also was considered unrelated to treatment. No association of events not related to the administered dose was noted. There were no serious adverse events in the 200 mg dose group. At the injection site, a mild reaction (slight erythema) was observed in 2 subjects receiving 200 mg tildrakizumab and 2 in the placebo group \[[@cit0020], [@cit0021]\].

The study shows that single intravenous administration of tildrakizumab in doses of 0.1; 0.5; 3 and 10 mg/kg and a single subcutaneous administration of this drug at doses of 50 mg and 200 mg are safe and well tolerated in healthy adults.

Tildrakizumab and psoriatic arthritis -- recent clinical trials {#sec6}
===============================================================

Research on the use of tildrakizumab in the treatment of psoriatic arthritis is ongoing. Mease et al. \[[@cit0022]\] conducted a randomized, double-blind, placebo-controlled clinical trial aimed at determining the efficacy and safety of tildrakizumab in the treatment of patients with active psoriatic arthritis. Patients were divided into five subgroups in a 1 : 1 : 1 : 1 : 1 ratio. Patients received treatment in injections. The first subgroup (*n* = 78) received 200 mg tildrakizumab every 4 weeks, the second (*n* = 79) 200 mg every 12 weeks, the third (*n* = 77) 100 mg every 12 weeks, the fourth (*n* = 78) 20 mg every 12 weeks, the fifth group (*n* = 79) received placebo every 4 weeks. Antibody treatment was used until week 24. The primary endpoint in this study was to achieve a reduction of at least 20% in the ACR20 criteria at week 24.

At week 24, patients receiving tildrakizumab achieved significantly better PASI scores and a 50% reduction in the American College of Rheumatology response criteria (ACR50) compared to placebo. Patients who received 200 mg of antibody every 12 weeks in 79.6% and 50% achieved PASI 75 and PASI 90, respectively, compared to 16.7% and 7.1% in the placebo group. It is worth noting that the response rate improved with the increase in the dose of antibody, but shortening the interval between doses from 12 to 4 weeks did not improve the results in relation to the skin or joints.

Tildrakizumab was safe to use. Severe adverse events were observed in 2.2% of patients treated with tildrakizumab and 2.5% of patients receiving placebo. The most common adverse events included: nasopharyngitis (5.4% -- 17/312 in the antibody groups and 6.3% -- 5/79 in the placebo group) and diarrhea (3% -- 4/312 in the antibody groups and 0 cases in the placebo group). There were no undesirable cardiac events, candidiasis, inflammatory bowel diseases or cancers. Importantly, no patient stopped treatment and no deaths were reported \[[@cit0022]\].

The study shows that tildrakizumab may be an effective drug for patients with psoriatic arthritis, but more clinical trials are needed to assess its efficacy and safety.

Conclusions {#sec7}
===========

Clinical studies and their results suggest that IL-23 and its p19 subunit are a key target in the effective treatment of moderate to severe plaque psoriasis. There is a need for further research to continuously develop psoriasis therapy and achieve the best control of this severe disease, which significantly reduces the quality of life of patients.

Tildrakizumab is a promising drug that, when implemented in clinical practice, may be a good solution for the biological treatment of plaque psoriasis in the moderate or severe stage. It is worth considering the use of this drug in the treatment of patients with psoriasis, when other treatments did not bring the expected results and did not improve the course of the disease.

Furthermore, tildrakizumab has been shown to be effective in the treatment of psoriatic arthritis, which gives hope for better control of this chronic disease in the future. Interleukin 23 and its p19 subunit also play an important role in Crohn's disease, so in the future we can expect clinical trials evaluating the effectiveness of tildrakizumab in treating this disease \[[@cit0022]\].
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